Gamma Irradiation, Cytosine, l-Carbamoyl-5-hydroxyhydantoin, N-Formylbiuret
In gamma-irradiation of cytosine in aerated aqueous solution, two new radiolysis products were isolated and identified: l-carbamoyl-5-hydroxyhydantoin and N-formylbiuret. This formation involves ring cleavage between C4 and C5 and belongs to the nondeamination pathway.
The degradation of cytosine under gamma irradiation may be explained essentially by the radical attack on the chromophoric 5,6 double bond of the pyrimidine ring 1 . Ring contraction of pyrimidine bases has been described for thymine and uracil 2 -3 .
For cytosine, it appears that the conversion of the six-membered ring into a five-membered one (hydantoin type) is a major way besides the wellknown formation of saturated pyrimidine compounds 4 -5 .
In this paper, we wish to report the identification of two new radiolysis products of cytosine: 1-carbamoyl-5-hydroxyhydantoin and N-formylbiuret.
Results

Identification of 1 -carbamoyl-5-hydroxyhydantoin
This compound can be separated by bidimensional thin layer chromatography with = 0.4 (two successive runs) and i?/(B) = 0.6 (one run) 4 .
The main bands in the infrared spectrum are: IR (cm-1 ): 3,430 (NH2), 3,300 and 1,100 (OH), 1,725 (-0= 0). This mass spectrometry fragmentation pattern enabled an hydantoin structure to be proposed for this new radiolysis compound, in which the amino group of cytosine appears as a carbamoyl group.
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The X H NMR spectrum revealed only one non exchangeable proton (s, d 5.53 ppm) and four exchangeable proton (D2O) located in a broad signal ( <3 = 7.35 ppm).
In order to determine the position of the nonexchangeable proton on the heterocycle, cytosine 2 H-5 was irradiated.
The signal of the 5-H proton of the deuterated l-carbamoyl-5-hydroxyhydantoin was lowered to the same magnitude as the 5-H signal in the deuterated cytosine 5-D, suggesting strongly the retention of this 5-H deuterated proton on the carbon-5 of the heterocycle.
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In order to determine the relationship between the various radiation products of cytosine, the l-carbamoyl-4,5-dihydroxy imidazolidinone (trans form) was irradiated (10 -3 M) by gamma rays in aerated aqueous solution.
l-carbamoyl-5-hydroxyhydantoin was identified as one of the major radiolysis product in addition to biuret, parabanic acid, formyl biuret and ureides ( Fig. 1) . The relation existing between the 1-carbamoyl-4,5-imididazolidinone diols and the l-carbamoyl-5-hydroxyhydantoin was clearly established by catalytic reduction of the latest compound. The l-carbamoyl-4,5-imidazolidinone diols were obtained as the reduction products (H2, 60 bars, Rhodium/ AI2O3, room temperature, overnight).
By spontaneous hydrolysis in neutral aqueous medium, it was transformed essentially into biuret.
Its infrared spectrum exhibited the main bands at IR (cm-1 ): 3,300-3,415 (NH2), 1,710 cm -1 (C=0). The most characteristic feature of the X H NMR spectrum was a non-exchangeable aldehydic proton resonating as a singlet (s, <3 = 12.30 ppm).
Two large signals <5 = 7.20 ppm (NH2) and ö = 6.80 (NH) disappeared due to exchange with D20.
The 
Discussion
The identification of the l-carbamoyl-5-hydroxyhydantoin as a second generation product of cytosine, after the formation of the major radiolysis product: the trans isomer of l-carbamoyl-4,5-dihydroxyimidazolidinone [G=0. that the preferential way of radiolytic decomposition of cytosine by gamma rays in aerated aqueous solution involves ring contraction without loss of the original amino group. It is well known that the saturation of the ethylenic 5,6 double bond of cytosine gives rise very easily to deaminated compounds belonging to the family of uracil (radiolysis products) 2 .
In our experimental radiolysis conditions, this phenomenon accounted for about 40% of the total amount of radiation compounds.
In consequence, it may be supposed that the ring opening between C-4 and C-5 implies oxidation on the C-4 probably by molecular rearrangement of the unstable hydroxyhydroperoxide without loss of the amino group of cytosine.
Besides the deamination pathway leading to uracil glycols and linear ureides, the following scheme (Fig. 2) may be suggested to explain the formation of the five-membered heterocycles compounds in the gamma radiolysis of aerated aqueous solution of cytosine.
Experimental Methods
Irradiation of cytosine
Gamma irradiation ( 60 Co) of cytosine [Fluka, 2 • 10 -2 M] was carried out in a swimming-pool type irradiator for twenty hours at a dose rate of 12,000 rads/mn. The irradiation was carried out at 12 °C, pH 6.5, with a permanent bubbling of air through the solution.
Preparation and chromatography of radiolysis products
The irradiated solution was evaporated under vacuum (Buchi evaporator) with slight heating (t < 30 °C) and then was submitted to descending paper chromatography on Whatman 3 MM with ethylacetate-methanol-water 75/16/20 (v/v/v) upper phase = solvent (B) 2 overnight.
The radiolysis products were extracted with a mixture of methanol and water (v/v). They were 1 B. EKERT crystallized by increasing the concentration of the eluted product by evaporation of the solvent. Bidimensional chromatography was carried out on Macherey Nagel Silicagel plates (20 x 20 cm) with UV fluorescent indicator. Chromatographic plates were prepared in the laboratory with a CAMAG apparatus : silicagel thickness = 0.5 mm.
Solvent A: Chloroform-methanol-water, 4-2-1 (v/v/v) lower phase with 5% methanol. Two successive runs were carried out 2 .
Solvent B: (vide supra). The separation was obtained after one run 2 .
Standard products
The scheme of degradation of the different radiolysis products was established with labeled radiolysis products after irradiation of cytosine-2-14 C (CEA Saclay, France, 45 mCi/mM). Cytosine-5-d was synthesized according the WETCHER'S method 9 .
Spectrometric analysis
*H NMR spectra were recorded at 35 °C with a T60 VARIAN spectrometer (60 MHz). All compounds submitted to NMR analysis were dissolved in (Me)2SO-^6 with TMS as internal reference.
Mass spectrometry fragmentation patterns were obtained on a GEC AIE MS 9 mass spectrometer with sample introduction by direct probe. Mass measurements were carried out by computer analysis.
The KBr pellet micromethod was used with a PERKIN ELMER (257) for the recording of infrared spectra.
Radioactivity measurements
After bidimensional chromatography, each radioactive spot was scraped off the plate, extracted overnight with two milliliters of distilled water and finally counted with a dioxan scintillation mixture with a TRICARB (PACKARD Instruments) 7 .
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